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SPECIFICATIONS  FOR  CALCULATING  SEVERAL  EQUATIONS 


OF  RELATIONSHIP  BETWEEN  TWO  VARIABLES 
ON  A TYPE  650  ELECTRONIC  COMPUTER 


There  are  innumerable  problems  in  forestry  that  require 
formulas  expressing  the  relation  between  two  measurements  taken  on 
each  of  a series  of  sampling  units . An  example  is  the  familiar  curve 
of  tree  height  or  tree  volume  over  tree  diameter.  Many  times  the 
mathematical  form  of  the  relationship  is  unknown,  and  several  poss- 
ible forms  must  be  investigated. 

Countless  hours  have  been  spent  developing  these  formulas 
with  desk  calculators  or  with  even  more  primitive  facilities.  Now, 
because  of  modern  electronic  data-processing  equipment,  most  of 
this  time  can  £>e  saved.  The  program  described  in  this  report  cal- 
culates, at  moderate  cost,  the  following  seven  different  equations  of 
relationship  between  a dependent  variable  (y)  and  an  independent 
variable  (x): 

(1)  y = bx 

whereb=^ 

£x^ 

The  curve  form  is  a straight  line  char- 
acterized by  the  condition  that  when  x 
is  zero  y will  be  zero. 

(Z)  y = bx 

Zy 

where  b = — — 

Zx 

In  this  case,  y is  called  a ratio  esti- 
mate and  b is  called  a ratio.  The  type  of  V 
illustration  in  (1)  above  applies  here 
also.  In  other  words  the  curve  is 
straight  and  passes  through  the  origin. 


x 


(3)  y = bx2 

v v.  2x2y 
where  b = x 

Zx^ 

This  indicates  a curve  passing  through 
the  origin  and  with  y varying  directly 
with  the  square  of  x. 


(4)  y = a+bx 


where  b 


Z(x-x)(y-y) 
Z (x-x)2 


Here  the  curve  form  is  a straight  line 
which  intercepts  the  y axis  at  MaM  when 
x is  zero.  This  is  the  so-called  first- 
degree  polynomial  or  linear  least 
squares  solution. 


(5)  y = a+bx^ 

, , NZx2y-Zx2Zy 

where  b = 7 b "T1 

NZx  -(Zx^p 

This  is  a second-degree  equation,  with 
y varying  directly  as  the  square  of  x 
and  intercepting  the  y axis  at  “a.  11 

(6)  y = a+bx+cx2 

where  a,  b,  and  c are  constants  for 
the  second-degree  polynomial  or  least 
squares  quadratic  solution. 


(7)  y = a+bx+cx2+dx2 

where  a,  b,  c,  and  d are  constants 
for  the  third-degree  polynomial  or 
least  squares  cubic  solution. 


In  addition,  the  program  solves  each  of  the  seven  equations  for 
each  of  seven  arbitrarily  chosen  values  of  the  x variable.  This  is  done 
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merely  to  facilitate  plottings  that  will  illustrate  the  relationships . 

The  F test  to  determine  if  the  explained  variance  due  to  the  addition 
of  a third  or  fourth  constant  is  significant,  will  assist  in  choosing 
from  among  the  three  polynomial  solutions  (equations  4,  6,  and  7). 

All  seven  curve  forms  will  be  computed  for  every  problem, 
even  though  some  of  these  forms  are  known  beforehand  to  be  inappro- 
priate. Time  lost  in  these  cases  will  be  inconsequential. 

INPUT  SPECIFICATIONS 
Input  Card  Type  000:  Basic  Data 


One  punched  IBM  card  will  accommodate  a single  pair  of  vari- 
ables (y  and  x).  These  variables  may  be  expressed  either  as  whole 
numbers  or  as  decimals.  Either  or  both  variables  maybe  positive 
or  negative.  For  cases  where  the  variables  are  averages  instead  of 
basic  elements  of  data,  the  number  of  basic  elements  associated  with 
each  pair  of  averages  is  also  punched  on  the  same  card.  This  means 
that  when  basic  elements  of  data  (as  opposed  to  averages)  are  used, 
the  number  "l"  must  be  punched  in  the  ’’frequency”  columns  of  the 
card. 


Provision  was  made  for  an  additional  weighting  factor  on  input 
card  type  000.  This  is  to  take  care  of  situations  in  which  variation 
in  values  of  y for  given  values  of  x changes  with  values  of  x.  It  rec- 
ognizes that  the  observations  maybe  of  differing  worth.  The  code  ”1  ” 
is  used  for  cases  where  there  are  no  weights  of  this  type.  In  fitting 
curves  by  least  squares,  it  is  assumed  that  the  variance  in  y is  the 
same  for  all  values  of  x.  When  variance  is  not  the  same,  the  accepted 
procedure  is  to  weight  each  observation  by  the  reciprocal  or  inverse 
of  its  variance. These  weighting  factors  are  not  appropriate  for 
the  ratio  solution  (equation  2)  because  variance  is  assumed  propor- 
tional to  x in  that  case.  Thus  when  weighting  factors  are  used,  the 
ratio  estimate  will  be  meaningless. 


— An  example  of  the  use  of  weighting  factors  is  shown  in  a 
recent  publication  by  Donald  R.  Gedney  and  Floyd  A.  Johnson, 
’’Weighting  Factors  for  Computing  the  Relation  Between  Tree  Volume 
andD.B.H.  in  the  Pacific  Northwest.  " (U.  S.  Forest  Serv.  Pac.  NW. 
Forest  and  Range  Expt.  Sta.  Res.  Note  174,  5 pp.  1959°) 
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Table  1 shows  proper  positions  for  this  information  on  the 
punch  card.  All  80  card  columns  must  be  punched,  either  by  some 


significant  digit  or  by  "0.  M 

Table  l.--Card  type  000: 

input  specifications  for 

basic 

data 

Card  column 

Information 

1-3 

Card  type  (000) . 

4-10 

Codes  which  identify  the  par- 

ticular  problem  or  set  of  data„ 
These  must  be  identical  for  all 
cards  in  a given  problem  but  must 
be  different  for  different  prob- 
lems o 

11  - 20 

y value  | Negative  values  indi- 

J cated  by  an  "11" 

21  - 30 

x value  \ punch  in  the  20  or  30 
[column,  or  both* 

31  - 40 

Number  of  basic  elements  asso- 
ciated with  y and  x when  they 
are  averages,  or  with  "1"  when  y 
and  x are  basic  elements. 

41  - 50 

Weighting  factor  for  y,  such  as 
inverse  of  variance,  which  is 
associated  with  the  particular 
value  of  x in  card  column  21 — 30 
or  with  "l"  if  there  are  no 
weights  of  this  kind. 

51  - 80 

Other  data  or  zeros  (has  no  effect 
on  program) . 
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Input  Card  Type  001  : Selected  Values  of  x 
For  Plotting  y Over  x 


As  indicated  earlier,  the  program  solves  each  of  the  seven 
equations  for  each  of  seven  arbitrarily  chosen  values  of  x,  except 
for  x equals  zero.  These  values  of  x must  be  punched  on  input  card 
type  001  (table  2)» 


Table  2,— Card  type  001:  input  specifications  for  x 

plotting  values 


Card  column 


Information 


1 

- 3 

Card 

type  (001) 

• 

4 

- 10 

Either  zeros 

or 

strata 

identification  as  desired 

(has 

no  effect 

on  program) . 

11 

- 20 

1st 

selected 

X 

value^ 

21 

- 30 

2nd 

ii 

it 

ti 

Negative  values 

31 

- 40 

3rd 

it 

ii 

ii 

> 

indicated  by  an 
M11M  punch  over 

41 

- 50 

4 th 

it 

it 

n 

columns  20, 
30  . . o 80 0 

51 

- 60 

5 th 

ii 

n 

it 

61 

- 70 

6 th 

it 

it 

it 

71 

- 80 

7 th 

ii 

it 

n 

J 

Input  Card  Type  002:  Decimal  Point  Positioning 


One  of  the  peculiarities  of  this  program  is  that  the  electronic 
machine  must  be  told  where  the  decimal  points  lie.  This  is  done  by 
means  of  card  type  002,  specifications  for  which  are  given  in  table  3 

Table  3. --Card  type  002:  input  specifications  for 

decimal  point  positioning 


Card  column  i Information 


1-3  Card  type  (002) . 

4-10  Either  zeros  or  strata  identifica- 

tion as  desired  (has  no  effect  on 
program) » 


11 

- 12  Decimal  point  position  code  for  y. 

(See  table  4.) 

13 

- 20  1002  1002 

21 

- 22  Decimal  point  position  code  for  x. 

23 

- 30  1003  1003 

31 

- 32  Decimal  point  position  code  for 

frequency „ 

33 

- 40  1004  1004 

41 

- 42  Decimal  point  position  code  for 

weighting  factors. 

43 

- 50  1005  1005 

51 

- 52  Decimal  point  position  code  for 

specific  x values  for  which  equa- 
tion solutions  are  required. 

53 

- 60  1528  1534 

61 

- 80  Zeros. 
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If,  for  a particular  project,  the  decimal  points  are  on  the  ex- 
treme right  of  the  10- digit  y values,  for  example,  the  code  ,fl 0**  must 
be  entered  in  card  columns  11  and  12.  Similarly,  if  the  decimal 
points  are  on  the  extreme  left  of  the  10-digit  inverse  of  variance 
values,  the  code  "00”  must  be  entered  in  card  columns  41  and  42c  A 
complete  key  to  decimal  point  positioning  codes  is  given  in  table  4c 

Table  4. —Key  to  decimal  point  position  input  code 


Decimal  point  position 

: 

Code 

xxxxxxxxxx. 

10 

XXXXXXXXX. X 

09 

XXXXXXXX.  XX 

08 

XXXXXXX  o XXX 

07 

xxxxxx. xxxx 

06 

xxxxx. xxxxx 

05 

xxxx. xxxxxx 

04 

XXX. XXXXXXX 

03 

XX. XXXXXXXX 

02 

X. XXXXXXXXX 

01 

. xxxxxxxxxx 

00 

OUTPUT  SPECIFICATIONS 

For  each  set  of  input  data  cards,  there  will  be  11  punched  out- 
put cards,  each  identified  by  a card  type  number.  Table  5 is  a key  to 
elements  of  information  on  these  output  cards.  All  elements  of  infor- 
mation except  card  type  number  and  project  identification  codes  are 
’’floating  point"  numbers.  This  simply  means  that  the  first  2 digits 
of  every  10-digit  number  are  a code  that  indicates  the  decimal  point 
position  for  the  remaining  8-digit  number.  Table  6 is  a key  to  these 
decimal  point  position  codes. 
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Table  5. --Output  specifications 


1 

44 

4-1 

CO 

05 

o 

1—4 

X 

03 

T3 

u 

CNJ  U 

0) 

X CO 

N 

o 

43  3_ 

r-4 

ci  05 

O 

o 

r-4 

3-4 

r-4 

r-4 

t—4 

o 

II  UJ 

4-1 

O 

a) 

r-4 

1—4 

r-4 

o 

05 

o 

44 

<D 

T) 

i-4 

u 

fa  cO 

3-4 

3j 

54 

o 

o 

CD 

o 

05 

B 

60 

CO 

TD 

o 

i 

44 

f— 4 

4-1 

<u 

o 

<D 

TO 

o 

TO 

O 

34 

T3 

i-4 

N— ' 

<D 

T> 

TO 

r-4 

54 

cO 

54 

o 

r-4 

CO 

U 

3-4 

CU 

4J 

CO 

r-4 

cO 

O 

CO 

i-4 

VO 

60 

03 

TO  05 

a 

O 

o 

r-4 

cu 

3j 

3-^  03 

4J 

b 

r— 4 

T3 

44 

CO  4-J 

3 

H3 

4-J 

03 

T) 

a 

4J 

4-> 

54 

ro  a 

3 

CO 

3 

3 

cu 

cu 

o 

X O 

a. 

O 

a. 

b 

4-J 

4J 

o 

TJ  C 

1 

03 

1 

4-J 

4J 

3 

3 

4-J 

st 

+ 5s 

60 

0) 

<D 

3 

3 

b 

b 

3 

O 

CN  — 1 

•r-4 

54 

TO 

O 

b 

a 

X o 

05 

60 

4J 

c 

4-J 

O CU 

<U 

TO 

3 

i-4 

C 

3 

+ 

60 

TO 

e 

a 

c 

i-4 

b 

05 

X 01 

c 

CN 

c 

4-J 

C 

•H 

T3 

o 

43  CU 

1-1 

i4 

3 

•H 

C 

54 

vO 

Vj 

M + l-i 

4-J 

3-4 

3-4  r-4 

b 

s 

c 

1-4 

cO 

o 

O CO  00 

05 

CO 

03  CO 

3 

3 

a 

1 

44 

/N 

4-1  <1) 

03 

> *— C 

b 

c 

b 

c 

»— 4 

ti  ~o 

4-1 

44 

o B 

c 

c 

X 

3 

X 

3 

r—4 

X 

03 

43 

o 

o 

3 

C 

3 

05 

b 

05 

b 

m 

•r4 

fa  T3 

34 

-1  c 

b 

i4 

b 

X 

X 

4-J 

B 

U 

o 

<u 

63  5s 

x 

X 

05 

05 

3 

o 

CO 

4-1 

o 

*H  i—4 

05 

05 

05 

a 

c 

V 

a 

B o 

05 

0) 

05 

4-» 

X fa 

4-J 

cO 

o a 

c 

03 

3 

cu 

3 

43  -c 

05 

O 

C 

3 

3 

05 

r-4 

3 

b 

+ 0 

03 

•r4 

5s  0) 

05 

b 

05 

<u 

CO 

CO  CU 

4J 

44 

— 1 <U 

(U 

X 

03 

CO 

3 

> 

cO 

•r4 

O 5j 

3 

05 

3 

> 

r—4 

> 

II  CU 

fa 

e 

a 60 

i-4 

r-4 

cO 

C 

a) 

JO 

5? 

> 

u 

54 

•H 

60 

05 

34 

44 

44 

<0 

54 

CU 

b 

T> 

44 

O 

CU 

3 

44 

54 

/-\ 

fa 

o 

o 

44 

03 

5u 

r-4 

54 

b 

/N 

• 

m 

u 

4J 

u 

34 

b 

cO 

b 

44 

• 

fa 

o 

05 

o 

05 

B 

60 

44 

> 

44 

fa 

i 

44 

^4 

4J 

CU 

O 

03 

/N 

r-4 

b 

60 

N/ 

a; 

TJ 

TO 

• 

b 

a 

c 

CO 

CO 

3-4 

<u 

4-> 

5s 

/N 

cu 

•H 

•a- 

60 

03 

TO  05 

/N 

34 

/N 

1-4 

05 

03 

4J 

13 

34 

c <u 

05 

b 

05 

b 

03 

<U 

CO 

"O 

44 

CN  -U 

03 

44 

03 

CU 

54 

0) 

54 

r-4 

M 

54 

CO 

03 

60 

3 

3 

3 

cr 

60 

TO 

r-4 

or 

a* 

cu 

05 

CU 

CO 

T3 

05 

b 

05 

CU 

T3 

T> 

o 

/N 

60 

c 

i-4 

54 

34 

05 

c 

CN 

r-4 

4-J 

60 

CO 

03 

*r4 

cO 

CO 

CU 

4J 

"O 

U 

4-1 

44 

•H  03 

4-1 

34 

4-J 

TJ 

05 

c 

34 

o 

CNJ  03 

05 

o 

B <u 

05 

v— ' 

05 

CO 

CN 

CO 

b 

Nf 

X 3 

03 

O 5j 

CO 

CO 

cu 

'w' 

X 

44 

h 

43  er 

14 

•u 

<u 

C 60 

03 

03 

i-4 

TJ 

o 

05 

o 

u 

5s  CU 

i-4 

i-4 

4-J 

4-1 

ii 

4-1 

34 

c 

r-l  TO 

V 

X 

\»/ 

05 

CN 

X 

f—f 

4J 

o 

CO 

o 

X 

r-4 

X 

X 

TO 

CO 

X 

fa  cn 

O 

44 

O 

a -u 

'w' 

o 

+ 

03 

03 

r— 4 

•H 

05 

II 

CN 

cO 

05 

a 

03 

4-1 

44 

0)  r-4 

X 

CN 

X 

X 

3 

r— 4 

i-4 

05 

•r4 

03 

X 

5s 

X 

X 

X 

M 

v—' 

s 

cu 

c 

34  34 

X 

X 

+ 

+ 

o 

4J 

60 

60  (U 

11 

X 

CO 

CO 

fa 

c 

•H 

CU  > 

11 

+ 

X 

CN  fa 

fa 

05 

-o  O 

5s 

44 

CO 

11 

II 

44 

X H 

b 

5s 

b 

+ a 

1 

>i  — 

>>  — 

c 

44 

o 

/-s 

X 

05 

CU 

34  1 

44 

fa 

b 

b 

CO 

X o 

JD  03 

03 

0) 

o <u 

b 

c 

44 

44 

>4 

43  -H 

5u  + CU 

CU 

34 

44  TO 

b 

b 

44 

b 

4-J 

1 

o 

4-1 

O CO  1-4 

54 

44 

03  4-» 

i-4 

b 

3 

44 

II  cO 

CM  60 

60 

B mi  cu  cn 

4-J 

44 

i—4 

05 

1-4 

J-4 

II  0) 

<L) 

44 

O 05  M CU 

c 

3 

b 

e 

b 

CU 

CN 

43 

faSM 

43  T3 

TJ 

o 

TO  1-4  60  4J 

b 

r-4 

c 

b 

CO 

3 

5s 

i4 

b 

b 

c 

•r4 

i-4 

CO  — 

C 

3 

4J 

c 

•H 

3 

> 

/N 

CN 

1 

T— 1 

3 

b 

4-J 

i—4 

05 

03 

cO 

b 

r—4 

•H 

3 

b 

a) 

•v 

•r4 

CO 

b 

4J 

r-4 

CO 

M 

B 

CO 

3 

b 

o 

03 

u 

b 

r-4 

CO 

<N 

X 3 

34 

05 

c 

b 

U 

43  cr 

3-4 

o 

r-4 

5s 

CO 

1 

O 

05 

o 

44 

4-4 

II 

4-4 

60 

b 

1-4 

4J 

4-J 

c 

Cu 

i— 4 

43 

5s  cn 

CO 

05 

•r4 

03 

03 

4J 

03 

<u 

4J 

05 

03 

r-4 

a; 

U 

V-/ 

fa 

4J 

60 

csi 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

6 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

r-4 

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

<3- 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

CO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

l 

CN 

CO 

o- 

m 

VO 

r>- 

00 

cr 

o 

r—4 

o 

o 

o 

o 

o 

o 

o 

o 

o 

r—4 

r-4 
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1/  Card  type. 

2/  Problem  identification. 


Table  6,-°Key  to  decimal 


>osition  output  codes 


First  2 digits  of  10-digit 
numbers  that  appear  on  the 
11  output  card  types 


Last  8 digits  of  10-digit 
numbers  that  appear  on  the 
11  output,  card  types 


Note: 


46 

c OOOxxxxxxxx 

47 

o OOxxxxxxxx 

48 

„ Oxxxxxxxx 

49 

. xxxxxxxx 

50 

x„ xxxxxxx 

51 

XX. xxxxxx 

52 

XXX o xxxxx 

53 

XXXXo  xxxx 

54 

XXXXX o XXX 

Decimal  point  positioning  beyond  the  range  shown  can  be  ob- 
tained by  extrapolation. 


PANEL  WIRING  SPECIFICATIONS 


533  Panel  Wiring 

Standard  80-80  panel, 
407  Panel  Wiring 

Standard  80- column  list. 
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TIME  REQUIREMENTS 


The  condensed  program  deck  is  read  into  the  650  computer  in 
2 minutes.  Each  input  card  requires  2 seconds  of  machine  time,  and 
60  seconds  are  required  for  final-phase  calculations  and  for  punching 
output  cards. 

OPERATING  INSTRUCTIONS 


1.  Place  cards  in  proper  sequence 

2/ 

(a)  Program  deck.— 

(b)  Plotting  value  card 

(input  card  type  001  )„ 

(c)  Decimal  point  position  card 

(input  card  type  002), 

(d)  Input  data  cards  (input  card  type 

000- -must  be  a minimum  of 
5 cards). 

Repeat  (b),  (c),  and  (d)  as  many  times 
as  there  are  projects*  However,  (b) 
and  (c)  need  not  be  repeated  if  the  x 
plotting  values  and  decimal  point 
positioning  are  the  same. 

(e)  Trailer  card  (80  zeros). 


204  cards 


1 card 


1 card 


variable 


1 card 


When  changes  occur  in  x plotting  values,  decimal  point  posi- 
tioning, or  in  both,  corresponding  new  input  card  types  001  and 
002  must  be  inserted  ahead  of  the  input  data  cards. 

2.  Insert  533  panel. 


— This  program  deck  may  be  obtained  from  the  Pacific 
Northwest  Forest  and  Range  Expt.  Sta.  , P.  O.  Box  4059,  Portland  8, 
Oreg. 
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3. 

Set  storage  entry  switches  to: 

70  - 1952  - 3000 

4. 

Set  program  switch  to: 

Stop 

5. 

Set  half- cycle  switch  to: 

Run 

6 = 

Set  display  switch  to: 

Program  register 

7. 

Set  overflow  switch  to: 

Stop 

8, 

Set  error  switch  to: 

Stop 

9. 

Place  program  deck  and  data  in  hopper. 

10. 

Ready  blank  cards  in  punch  hopper. 

11. 

Depress  computer  reset  button. 

12. 

Depress  program  start. 

EXAMPLE  OF  APPLICATION 

Problem 

Calculate  equations  of  relationship  for  board-foot  tree  vol- 
ume (y)  over  tree  diameter  in  inches  at  breast  height  (x). 

Data 


One  hundred  and  thirteen  paired  observations,  y and  x,  from 
a sample  of  1 1 3 ponderosa  pine  trees  = 

Weighting  factors 

Each  pair  of  y and  x values  is  from  a single  tree.  Thus 
frequency  weights  will  all  be  "1 . " Variance  in  tree  volumes  by  in- 
dividual diameter  classes  was  determined  from  a supplementary 
study.  Variance  in  volume  for  12-inch  trees,  for  example,  was  found 
to  be  811. 22,  and  the  inverse  of  variance  weighting  factor  was  there- 
fore 0.  0012327112. 

Input  information 


A typical  set  of  information  for  each  of  the  three  input  cards 
follows . 
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Card  Type  000  (See  Table  1) 


Card  column 

Code 

Description 

1 - 3 

000 

Card  type 

4 - 10 

0001411 

Baker  County  = 14 

Ponderosa  pine  =11 

11-20 

0000000073. 

Tree  volume 

21  - 30 

000000012. 1 

Tree  diameter 

31  - 40 

0000000001 

F requency 

41  - 50 

0. 0012327112 

Inverse  of  variance 

51  - 80 

all  zeros 

Card  Type  001  (See 

Table  2) 

Card  column 

Code 

Description 

1 - 3 

001 

Card  type 

4 - 10 

0001411 

Identification 

11-20 

0000000011 

1st  selected  x value 

21  - 30 

0000000015 

2nd  selected  x value 

31  - 40 

0000000020 

3rd  selected  x value 

41  - 50 

0000000025 

4th  selected  x value 

51  - 60 

0000000030 

5th  selected  x value 

61  - 70 

0000000035 

6th  selected  x value 

71  - 80 

0000000040 

7th  selected  x value 
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Card  Type  002  (See  Table  3) 


Card  column 

Code 

Description 

1 

- 3 

002 

Card  type 

4 

- 10 

0001411 

Identification 

11 

- 20 

1010021002 

Decimal  point  code  for 
y in  leading  two  digits 

21 

- 30 

0910031003 

Decimal  point  code  for 
x in  leading  two  digits 

31 

- 40 

1010041004 

Decimal  point  code  for 
frequency  in  leading 
two  digits 

41 

i 

(Ji 

O 

0010051005 

Decimal  point  code  for 
inverse  of  variance  in 
leading  two  digits 

51 

- 60 

1015281534 

Decimal  point  code  for 
x values  for  plotting 
in  leading  two  digits 

61 

- 80 

all  zeros 
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Output  information 


From  output  card  types  010  and  020  (fig.  1),  the  seven  equa- 
tions of  relationship  described  earlier  were  found  to  be: 

(1 ) y = 8 . 67  6x 

(2)  y = 7 „ 8 1 Ox 

(3)  y = 0.  687x2 

(4)  y = -393. 858+38. 462x 

(5)  y = -107.  935+1. 226x2 

(6)  y = 155.  980-34.  138x+2.  254x2 

(7)  y = 152.472-  33.  514x+2.  220x2+0.  00060x3 

Output  card  type  030  indicates  that  the  first- degree  polynomial 
equation  is  statistically  significant.,  Tabular  F for  the  1 -percent 
level  of  probability  for  1 and  111  degrees  of  freedom  is  about  6*85, 
far  less  than  the  observed  F of  578.43=  There  is  also  evidence  that 
a curved  line  of  relationship  can  be  defended  over  a straight-line  re- 
lationship, since  F = 146.  33  again  exceeds  tabular  F.  The  F test 
indicates  no  superiority  of  the  third- degree  curve  over  the  second- 
degree  equation. 

After  considering  all  seven  possible  solutions,  the  second- 
degree  polynomial  was  tentatively  accepted  as  most  appropriate. 
Values  for  tree  volume  in  card  type  090  were  then  plotted  over 
corresponding  values  of  tree  diameter  in  card  type  110  to  check  the 
second- degree  relationship  for  general  reasonableness.  For  example, 
any  particular  equation  could  give  either  a minus  volume  or  an  im- 
possibly large  volume,  say  for  12-inch  trees,  and  this  might  influence 
the  final  choice  of  an  equation. 
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